Summary
Bank voles, Clethrlonomys glarlolus, kept under laboratory conditions were highly susceptible to both naturally-acquired and experimental Infection with the phycomycete Absidia corymbifera, The infection was manifested as an acute lethal disease characterized by fungal invasion of the kidneys, central nervous system and, less frequently, other tissues. Natural infection was probably acquired via the respiratory route,
The bank vole, Clethrionomys glariolus, has been relatively little used as a laboratory animal. Probably for this reason, there is little information in the literature on the diseases to which these animals may be subject when kept under laboratory conditions.
Recently, during the course of studies on the susceptibility of bank voles to Campylobaeter bacterial infections, an unusually high death rate was observed among both inoculated and uninoculated animals. This approached 10% of the population per month in the recently-weaned groups. Investigation failed to disclose any distinctive gross lesions in the affected animals and bacteriological examination also yielded negative results. However, a filamentous fungus, subsequently identified as Absidia eorymbifera, was consistently isolated in pure culture from the parenchymatous organs of the dead voles. A strain of A. eorymbifera of identical morphological type was also recovered, inter alia, from the hay supplied as nesting material.
The introduction of ethylene oxide sterilization of the bedding material resulted in a rapid reduction of the death rate among the weaned voles. This suggested that at least a proportion of the deaths observed may have been attributable to lethal A. corymbifera infection derived from contaminated hay. To assess this possibility, the susceptibility of bank voles to experimental inoculation with A. eorymbifera was examined.
Materials and methods

Animals
Bank voles were obtained from the colony bred at this laboratory, which was originally derived from those maintained by Glaxo Research Ltd, Harefield, Middlesex, UK. Approximately equal numbers of male and female animals of about 30 g weight were selected for this study. They were housed in pairs derived from the same family groups, with the sexes segregated, in polypropylene mouse boxes. Absorbent mineral granules ('Sorbitex'; Brentchem Ltd, Colloidal Works, Deer Park Road, London, SW19 3UQ, UK) and ethylene oxide-sterilized hay were provided as bedding. Unrestricted access was permitted to water and a sterilized pelleted mouse diet.
Fungal strains
One of the strains of A. corymbifera used, No. V.77/60 in the laboratory collection, was isolated from the liver of a dead bank vole. Its cultural and morphological features were characteristic of the species A. eorymbifera (Cohn) Sacc., but with the production of predominantly spherical spores, in which respect it most closely resembled the defunct species A. ramosa (Lindt) Lendn., now regarded as synonymous with A. eorymbifera (Nottebrock, Scholer & Wall, 1974) . The other strain, A. eorymbifera No. V.73/8, was that used here in previous studies (Corbel & Eades, 1975) .
Cultures were grown on 2% malt-extract agar slopes incubated aerobically at 37°C for 3-4 days. Spore suspensions for inoculation were prepared and standardized as described previously (Corbel & Eades, 1975) .
Animal inoculation
Groups of voles were inoculated with A. eorymbifera V.77/60 by the intracerebral, intraperitoneal and subcutaneous routes as described previously for mice (Corbel & Eades, 1975) . Additional groups of animals received A. eorymbifera V.77/60 spores by the intranasal and oral routes. As a check on the pathogenicity of this strain 6 groups of 6 voles were inoculated intraperitoneally with graded doses of A. eorymbifera V.73/8 spores.
Volumes of O· 1 ml of spore suspension were used for intranasal inoculation and volumes of 1 or 2 ml for oral inoculation. The intracerebral and intranasal procedures were performed under anaesthesia induced by a diethyl ether-air mixture.
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Post-mortem examination
All animals dying after inoculation, or killed at the end of the observation period, were inspected for gross external lesions, and the abdominal, thoracic and cranial cavities then opened aseptically. The subsequent pathological, mycological and histological examination was conducted as described previously for mice (Corbel & Eades, 1975) .
Results
Intraperitoneal injection of graded doses of spores of A. corymbifera V.77/ 60 provoked an acute lethal infection in a proportion of animals related approximately to dose. Thus doses~1O~spores were invariably lethal in 2-4 days. Smaller doses were less consistently lethal and the interval between inoculation and onset of signs of disease was usually longer. Nevertheless, single deaths occurred in the groups of animals inoculated with doses of 10 2 and even 10 spores. In theSe cases the animals died 13 and 21 days respectively after inoculation (Table 1) . Most animals did not show any clinical signs referable to involvement of any specific organ system in the period immediately before death. Usually the only abnormal signs observed were shivering, reduced mobility and loss of interest in food and water, although death usually followed within a few hours of the appearance of these signs.
At necropsy, most animals dying within a few days of inoculation did not show gross lesions in any organ. Those dying 5 or more days after inoculation often showed enlargement of the kidneys, in some cases accompanied by formation of adhesions between the upper pole of the left kidney and the adjacent liver lobes and spleen (Fig. 1 ). In animals dying a week or more after inoculation, the gross lesions were more extensive and frequently consisted of numerous yellowish-white nodules 0·5-3·0 mm in diameter. In some cases these assumed a tuberculoid appearance (Fig. 2) . Although most frequently seen in the kidneys, similar lesions were also observed in the liver, spleen, testes and epididymides of some animals. Focal haemorrhages and areas of congestion were also present in the cerebral tissue adjacent to the IIlrd and lateral ventricles in a proportion of animals dying of acute infection. Cultural examination of the tissues of these animals showed that A. corymbifera was present in the heart muscle, kidneys, liver, lungs, spleen, testes, epididymides and brain. Microscopic examination of specimens of fresh tissue mounted in KOH-Quink (Balogh, 1964) or sections of formalin-fixed tissue stained by the periodic acid-Schifrs (PAS) method showed that typical nonseptate mucoraceous hyphae were present in the brain, heart, kidneys, liver, lungs, spleen, testes and epididymides of affected voles (Fig. 3) .
Histological examination of sections of formalinfixed tissues stained with Harris' haematoxylin and eosin showed that microscopic lesions were present in the brain, heart, kidneys, liver, spleen, testes and epididymides of these animals. The lesions normally consisted of focal infiltrations of mainly polymorphonuclear leucocytes surrounding weakly basophilic non-septate hyphae. In most affected tissues consider- able local destruction of parenchymal cells accompanied these changes. This was particularly the case in the kidneys of animals dying of acute infection within a few days of inoculation. In these, destruction of both glomerular and tubular elements was almost total (Fig. 4) . Histological examination of the tuberculoid nodules present in the tissues of some animals showed that they consisted of a central zone of necrotic parenchymal cells penetrated by short non-septate hyphae, surrounded by polymorphonuclear leucocytes and mononuclear cells of macrophage type (Fig. 5 ).
Intranasal instillation of A. corymbifera V.77/60 spores was effective in producing acute infection in 2 of the animals inoculated with the highest dose (Table  I ). The signs of disease observed before death and the lesions seen at post-mortem examination were identical with those present in voles inoculated by the intraperitoneal route. A. corymbifera was isolated in pure culture from the brain, heart, liver, lungs and kidneys. Mucoraceous hyphae were detected by microscopical examination in the brain and the kidneys.
A. corymbifera was also recovered on culturing the brain tissue of 3 voles which had survived for 4 weeks after intranasal inoculation of A. corymbifera spores without developing overt signs of disease. The fungus was not isolated from any of the other tissues of these animals, nor could it be demonstrated by cultural or microscopical examination in the remaining voles which survived inoculation by the same route.
Oral inoculation of doses of up to 10 9 spores of A. infection could be produced by as few as 2-3 viable spores (Table 1) . With the higher spore doses death usually resulted within 2-4 days. Some of the animals inoculated by this route displayed clinical signs referable to disease of the central nervous system. Thus tremors, circling and rolling movements and convulsions developed several hours before death. Localized areas of congestion and haemorrhage were usually present in the brains of these animals, particularly in the cerebral parenchyma adjacent to the II1rd and lateral ventricles. Cultural examination indicated that A. corymbifera was present in the heart, liver, lungs, spleen and kidneys, as well as the brain tissue, of these animals. Microscopic examination showed that active lesions containing mycelium were present in the brain, kidneys, liver, spleen and heart muscle. Somewhat unexpectedly, the most profuse mycelial development was observed in the kidneys. In those animals surviving more than 2-3 days after inoculation, renal lesions similar to those seen after intraperitoneal inoculation of spores were often present.
Subcutaneous injection of spores of A. corymbifera
V. 77 / 60 produced results similar to those seen after intraperitoneal inoculation (Table 1) . Lesions containing mycelium were confined to the kidneys and lungs, although the fungus was isolated on culturing the heart, kidneys, liver, spleen and lungs. Cerebral infection was not observed in any of the animals inoculated by this route.
Intraperitoneal inoculation of doses of A. corymbifera V.73/8 spores in the log range 2 to 2 X 10 6 viable units produced results essentially similar to those given by strain V.77/60. Thus all animals receiving 2 x 10 6 spores developed lethal infection within 2-3 days of inoculation. Those receiving smaller spore doses were proportionately less severely affected. However doses as low as 20 spores produced lethal infection, with 1 animal in this group dying of renal phycomycosis 13 days after inoculation. The nature of the disease produced by A. corymbifera V.73/8 was essentially similar to that following inoculation with strain V.77/60.
Discussion
The A. corymbifera strain V.77/60 used for most of this study was isolated from a bank vole with naturally-acquired phycomycosis. The results of the inoculation experiments confirmed the pathogenicity of this isolate and showed that it was similar in this respect to the previously-characterized strain A. corymbifera V.73/8. These results also supported the conclusion that infection with this fungus was responsible for many of the deaths observed in recently weaned voles.
The course of infection with A. corymbifera in experimentally-inoculated bank voles was basically similar to that previously observed in mice (Smith & Jones, 1973; Corbel & Eades, 1975) . Nevertheless it was clear that the voles were considerably more susceptible to lethal infection than the mice. This was indicated by both the ease with which infection could be established by a variety of routes and by the development of active lesions in a wide range of tissues.
Previous studies have shown that mice were resistant to lethal A. corymbifera infection when inoculated by the oral and subcutaneous routes and only susceptible to very large doses of spores when inoculated by the intraperitoneal route (Symeonidis & Emmons, 1955; Corbel & Eades, 1975) . With the exception of the local lesions which occasionally developed after subcutaneous injection, active lesions containing mycelium were confined to the brain and kidneys unless the animals had previously been severely immunosuppressed (Corbel & Eades, 1975) .
In contrast, bank voles developed lethal infection with A. corymbifera after intraperitoneal, subcutaneous or intranasal inoculation. Although the intravenous route was not tried in this study, the voles developed lethal infection after doses of spores much 29 smaller than those required to kill intravenously inoculated mice.
The failure of the oral route of inoculation to establish lethal infection in the voles suggested that the respiratory tract was probably the portal of entry in the naturally acquired disease.
The lethal effects of A. corymbifera infection in the bank vole were most frequently attributable to almost total destruction of the renal parenchyma. This was in contrast to the situation observed in mice where the lesions in the kidneys tended to be limited in extent and death usually resulted from the invasion of the central nervous system. A. corymbifera evidently showed a predilection for vole kidneys as extensive fungal growth occurred in these even after intracerebral inoculation. The basis of this localization was not determined but could have been related to the presence of fungal growth stimulating compounds in the renal tissue.
The reasons for the unusual susceptibility of bank voles to A. corymbifera were not established. Nevertheless it was clearly not related simply to exposure to fungal spores, as several species of potentially pathogenic fungi were represented in the dust of the bedding material. These included Aspergillus fumigatus, a common cause of fungal respiratory disease in animals (Ainsworth & Austwick, 1973) . As other potentially pathogenic phycomycetes were also present, this suggested that the susceptibility of the vole to A. corymbifera was related to specific factors.
Studies on mice have established that natural resistance to A. corymbifera is largely attributable to the activity of phagocytic cells, particularly those operating in proximity to natural barriers (Corbel & Eades, 1975) . As the response of mice to intracerebral injection of graded doses of A. corymbifera spores was not fundamentally different from that of voles, this suggested that the defensive processes responsible for inactivating fungal spores which gain access to the alveoli, subcutaneous tissue and peritoneum were less efficient in the vole. This could be related to the relative ability of the phagocytes of these species to retain and inactivate ingested spores. Unlike the spores of aspergilli (Ford & Friedman, 1967; Corbel & Eades, 1977) , those of A. corymbifera can remain viable in vivo for several weeks at least (Corbel & Eades, 1975) . This could explain the difference in susceptibility of bank voles to opportunistic infection with aspergilli compared with A. corymbifera.
These observations suggested that the bank vole could provide a useful model for the study of factors predisposing to opportunistic infection with phycomycetes.
The development of tubercle-like lesions in the parenchymatous tissues of voles infected with A. corymbifera is of some practical importance as a potential cause of confusion if these animals are employed for the study of mycobacterial infections or pseudotuberculosis.
However, differentiation of these conditions is easily achieved by histopathological examination of the infected tissues.
The high susceptibility of bank voles to infection with A. corymbifera indicates that these animals
